An important issue related to the cultivation of plants for energy purposes and poorly recognized so far is their impact on the environment, including biodiversity. The aim of the work was to assess weed flora diversity, canopy structure and yield of miscanthus cultivated on two types of soil: light and heavy.
INTRODUCTION
The impact of perennial crops cultivated for energy purposes on biodiversity is still poorly understood, because it is a new direction in agricultural production. Cultivation of these plants on a global scale contributes to reduce CO 2 emissions and decrease erosion and nutrient leaching as well as it is used for phytoremediation of contaminated soils [1] [2] [3] . The environme ntal effect of these plantations may depend on the species and genotype of cultivated plants, previous land use, agricultural practices, the size and spatial distribution of crops as well as the degree of integration into the regional landscape [4, 5] . Most concerns related to planting energy crops, in addition to the depletion of water resources, arise from their potential impact on biodiversity [2] . Some authors suggest that the cultivation of perennial plants, compared with the impact of intensive technology using annual plants, has a positive effect on biodiversity due to a lower input of agrochemicals [4] [5] [6] . S a g e at al. [7] pointed out that the physical structure of the canopy, rapid growth rate, high density, chemical crop protection and mineral fertilization caused habitats of plants cultivated for energy purposes not to be conducive to flora and fauna diversity. However, the biodiversity potential is dependent on the approach taken to control pests and on the use of pesticides [8] . In addition, large monocultures of perennial energy crops could provide visual barriers to open agricultural landscape [9, 10] .
The studies on plant communities in crops cultivated for energy purposes indicate a high diversity of the flora accompanying short rotation coppice crops (SRC), especially willow (Salix viminalis) and poplar (Populus spp.), in comparison with arable lands, and a positive impact on diversity of birds [6, [10] [11] [12] [13] [14] [15] [16] [17] . There are very few papers related to the effect of cultivation of miscanthus and other energy crops on biodiversity, especially flora [10, 18] . Preliminary studies showed that miscanthus may be a poorer habitat for flora and fauna than the SRC [19] . According to J o d l et al. [20] , tall miscanthus stands contain more large animals (mammals, birds) than other herbaceous crops (maize or reeds), possibly due to the greater diversity of the canopy structure leading to a higher number and greater range of ecological niches.
The aim of the work was to assess weed flora diversity, canopy structure and yield of miscanthus cultivated on two types of soil.
MATERIALS AND METHODS
The study was carried out in the years [2010] [2011] . Weed control treatments were not used during the study period, only mechanical weeding was done in the first year after the establishment of the experiment. Harvest of plants and sampling for biometric analysis were carried out after the growing season, in winter.
Weather conditions during the study period, compared to the long-term average, are presented on Fig. 1 . In 2010 bad weather conditions and frost in the spring until mid-May caused a delay in the start of plant growth, especially in miscanthus grown on heavy soil (Fig. 1) . The growing season was characterized by an unequal, irregular distribution of temperature and precipitation: heavy rainfall in May and August, a high temperature and drought in June and July, which could have affected weed infestation. In the winter of 2011, minimal snow cover and periodic thaw occurred, which could have affected the growth of miscanthus. Intensive rainfall in July exceeded twice the long-term mean, but in August and September very low precipitation was observed (Fig. 1) .
The analysis of weed flora was carried out using two methods: the frame method (all plants in an area of 0.5 m 2 were counted) and phytosociological relevés (the percentage cover of weeds in an area of 25 m 2 was assessed), in four replications. The surveys were done in mid-June and mid-August. The structure of weed communities was analysed using ecological indices: Shannon's diversity index, Simpson's dominance index and Sorensen's indices of similarity [21] [22] [23] . The similarity is low if the percentage is up to 39.0%, moderate -40.0 to 49.0 %, high -50.0 to 59.0%, and very high if it is more than 60.0% [23] . Plant species were identified according to R u t k o w s k i [24] .
The analysis of green and dry matter yield of miscanthus, some morphological features: the number of shoots per plant, their length and diameter at 10 cm above the ground, was carried out on 10 plants in 5 replications. Moreover, the leaf area index (LAI) was assessed at the beginning of July using a LI-2000 canopy analyzer (LI-COR). The dry weight was determined by placing the green matter in a dryer at 80 o C for 14 days.
To determine the significance of differences, an analysis of variance was done using Tukey's test at a significance level of p=0. 05 . As a number of weeds did not have a normal distribution, a logarithmic transformation of data was performed prior to the analysis of variance. Calculations were performed using Statgraphic Plus version 2.1.
RESULTS
The results showed that weed species diversity in miscanthus was dependent on soil type. The average number of weed species was significantly higher in miscanthus cultivated on heavy soil on all analysis dates (Tables 1 and 2) . A higher number of species was recorded when the phytosociological method was used in comparison with the frame method. It is due to the larger area of analysis in the phytosociological method than in the frame method with the same number of replications (four) (Tables 1-3 ). The number of weed species and number of weeds decreased during the growing period due to the increasing competitive ability of the miscanthus canopy (Tables 1-3) . The total number of weed species was also higher in miscanthus cultivated on heavy soil where 27 species were found using the frame method and 37 species using the phytosociological method (Table 3) .
In miscanthus cultivated on light soil, only 22 weed species were observed when the analysis was performed with the frame method, and 33 species when the phytosociological method was used. The average number of weeds was higher in miscanthus cultivated on heavy soil than on light soil (respectively, 103 and 89 plants × m -2 in June and 47 and 20 plants × m -2 in August on average) (Fig. 2) . Percentage weed cover was significantly higher in miscanthus cultivated on heavy soil (70% in June and 37% in August) in comparison with miscanthus grown on light soil (23% in June and 8% in August). On light soil, there was a bigger difference between the number of weeds and their ground cover, especially in June. It suggests that the weed community consisted of small weeds in contrast to heavy soil where plants were bigger. Number of weeds and weed cover decreased during the vegetation period, which was more evident on light soil. It could have been associated with the characteristics of light soil (the lack of water and nutrients). The differences between years were associated with weather conditions, mainly rainfall and soil water capacity. ) and weed cover (%) in miscanthus cultivated on light and heavy soil. Shannon's diversity index showed a higher diversity of the weed flora community in miscanthus cultivated on heavy soil ( fig. 3 ). Simpson's dominance index was the highest for the weed flora in miscanthus on light soil in August 2010, which was associated with the dominance of Conyza canadensis L. (Cronquist) in the weed community. In miscanthus cultivated on heavy soil, species typical for habitats rich in nutrients, especially nitrogen, dominated (Galinsoga parviflora Cav., Chenopodium album L., Galeopsis tetrahit L.), while on light soil species characteristic for poorer habitats occurred (Conyza canadensis (L.) Cronquist, Viola arvensis Murray, Equisetum arvense L.) (Table 3) . Only 11 species (29%) were common for weed communities in miscanthus on both light and heavy soil. The following species occurred only on light soil: Geranium dissectum L., Viola arvensis Murray, Achillea millefolium L., Papaver rhoeas L., Cerastium arvense L., Arabidopsis thaliana (L.) Heynh., Spergula arvensis L., Rumex acetosa L., Festuca ovina L., Juncus bufonius L, Equisetum arvense L. 16 species were typical only of heavy soil:
, Vicia villosa Roth., Galinsoga parviflora Cav. ) .
The qualitative and quantitative indices of similarity confirmed the low similarity of weed communities in miscanthus cultivated in two different types of soil (Table 4) . Generally, the values of the qualitative index were higher in comparison to the quantitative ones. It suggests a greater similarity between the weed communities in the species composition than in their numbers. Higher similarity in weed species and their abundance between dates of analysis was observed in miscanthus on heavy soil. The analysis showed that in 2010 the green and dry matter yield of miscanthus were not dependent on soil quality (Table 5 ). In 2011 they were significantly higher for miscanthus cultivated on light soil, which could have been associated with good moisture conditions due to high rainfall in June (Fig. 1) . The yields of miscanthus on light soil differed significantly between years due to weather conditions. Table 5 Green and dry matter yield (t × ha The biometric parameters, such as shoot length and diameter as well as leaf area index, were higher in miscanthus grown on heavy soil (Table 6) . Number of shoots per plant and leaf area index differed significantly between years. Despite more suitable biometric parameters, such as plant height, shoot diameter and LAI of miscanthus cultivated on heavy soil, the average number of weeds and weed cover were higher than on light soil. This was caused by better soil conditions, especially water and nutrient availability, which favored the growth and development of weeds. Moreover, the vegetation of miscanthus on heavy soil started later in the spring and weeds had better conditions for growth. Such a number of weeds and weed cover (70% in June and 30% in August) may affect the yielding of miscanthus on heavy soil (Fig. 2, Table 5 ).
DISCUSSION
Miscanthus is a perennial grass that has been identified as one of the best choices for low input bioenergy production in Europe [18, 25, 26] . Because perennial energy crops are new species on agricultural lands, there is a need for intensive research on their impact on the environment [2, 10, 27] .
Some authors believe that the cultivation of energy crops increases the biodiversity in agroecosystems [2, 10, 12, 16] , but others underline the potential risks associated with the introduction of new plants to agricultural land and the need to observe the changes [7, 27] . Therefore, ecological monitoring programs should be implemented for these crops, including: flora, avifauna, small mammals, and invertebrates in the soil and above the ground [4, 6, 10] . According to K o v a c s -L a n g and S i m p s o n [28] , long-term monitoring of energy crops should take into account their position in wider agricultural landscape and comparison of their biodiversity with neighboring agricultural crops and semi-natural habitats.
That comparison showed that the number of species and Shannon's diversity index values for the weed community in miscanthus on light soil were similar to those observed in cereals grown in neighboring fields under an integrated farming system in the same conditions and lower than those observed under an cereals in organic system [29] . In the weed communities of miscanthus, species typical for arable lands as well as ruderal ones occurred. In the research of S e k ut o w s k i and R o l a [30] , 27 weed species belonging to different classes were observed during a 3-year study and differences in weed composition in particular years of the experiment were negligible. S e m e r e and S l a t e r [19] showed that miscanthus fields were richer in weed vegetation than reed canary grass or arable fields. According to T u o m i s t o et al. [31] , miscanthus cultivated in a conventional farming system had the highest biodiversity loss score, being a factor of 2.4 times higher than the score for the organic system and a factor of 4.9 times higher than for the natural forest system. In the study of Felten and Emmerling [32] , the number of earthworm species in miscanthus took a medium position and differed significantly neither from intensively managed cereals and maize nor from grassland and fallow.
The study of M a t y k a and K u ś [33] showed that miscanthus, in order to obtain high yields, does not need to be grown on the best soil, from the agricultural point of view. This plant gives the best yields on soils of average quality, not too heavy. This is particularly important in terms of competition for land resources between production for food and energy. The yields obtained in the cultivation of this plant were dependent on weather conditions, particularly the amount and distribution of rainfall and temperature conditions in the spring. The yields of miscanthus on heavy soil were lower in years with adverse weather conditions, which was caused by the location of the plantations in lower fields. The plants were damaged by frost in late spring, which significantly delayed the start of growth. However, in favorable weather conditions (lack of spring frosts, the temperature in the summer months higher than the average, rainfall exceeded the average of several years), high potential productivity of the fertile soil was revealed [34] . Yields of miscanthus reported for trials all over Europe showed huge differences in biomass yields from 2 to 44 t × ha -1 [18] . In the opinion of M a t h e -G a s p a r et al. [35] , the growth and yielding of miscanthus and other crops in a given habitat are controlled by the soil and weather conditions as the main environmental factors.
The results of M a t y k a and K u ś [34] showed that the dry matter yield of miscanhus was positively correlated with the number of shoots and their length. A comparison of different miscanthus genotypes showed that miscanthus M-115 and Miscanthus giganteus were characterized by the greatest yield [34] .
CONCLUSIONS
1. The weed community was more diversified in miscanthus cultivated on heavy soil. Sorensen's indicators showed low similarity between weed communities in miscanthus grown on light and heavy soil. 2. The number of weeds and percentage weed cover were higher in miscanthus cultivated on heavy soil in comparison with miscanthus grown on light soil. 3 . Weed density decreased during the vegetation season as a result of increasing competitiveness of the miscanthus canopy against weeds. 4 . The yields of miscanthus were more dependent on weather conditions than the type of soil. Shoot length and diameter as well as leaf area index (LAI) were higher in miscanthus grown on heavy soil.
Różnorodność flory segetalnej, wybrane cechy biometryczne i plonowanie miskanta (Miscanthus spp.) uprawianego na glebie lekkiej i ciężkiej S t r e s z c z e n i e Ważną kwestią związaną z uprawą roślin na cele energetyczne i dotychczas słabo poznaną jest ich oddziaływanie na środowisko, w tym bioróżnorod-ność. Celem pracy była ocena różnorodności gatunkowej chwastów, wybranych cech struktury łanu i plonowania miskanta, uprawianego na dwóch typach gleb: lekkiej i ciężkiej.
Badania przeprowadzono w Stacji Doświad-czalnej Instytutu Uprawy Nawożenia i Gleboznawstwa Badania wykazały, że różnorodność gatunkowa chwastów w łanie miskanta była uzależniona od rodzaju gleby. Większą liczbę gatunków chwastów odnotowano w miskancie uprawianym na glebie ciężkiej
